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When the billows are within 300 meters, say, or less, of the earth (often the case during winter owing to the occurrence then of cold surface air with warmer air above) they are apt to be very turbulent, just as, and for much the same reason that, waves in shallow water are turbulent. For this reason, presumably, winter flying sometimes is surprisingly rough—the air very "bumpy." Fortunately, however, it is easy to determine by the aid of a suitable station barograph whether or not billows are prevalent in the low atmosphere, since they produce frequent (5 to 12 per hour, roughly) pressure changes, usually of 0.1 mm. to 0.3 mm. at the surface, as shown by Fig. 69.
Wind Gusts.—Near the surface of the earth the wind is always in a turmoil, owing to friction, and to obstacles of all kinds that interfere with the free flow of the lower layers of the atmosphere and thereby allow the next higher layers to plunge forward in irregular fits, swirls, and gusts with all sorts of irregular velocities and in every direction. Indeed, the actual velocity of the wind near the surface of the earth often, and abruptly, varies from second to second by more than its full average value, and the greater the average velocity, the greater, in approximately the same ratio, are the irregularities or differences in the successive momentary velocities. This is well shown by pressure-tube traces, of which Fig, 42 is a fine example.
Clearly, the lift on an aeroplane flying either with or against a gusty wind is correspondingly erratic, and may vary between such wide limits that the aviator will find himself in a veritable nest of "holes" out of which it is difEcult to rise, at least with a slow machine, and sometimes dangerous to try. As the turmoil due to the horizontal winds rapidly decreases, however, with increase of elevation, and as the aviator's safety depends upon steady air conditions, or upon the velocity of his machine, with reference to the atmosphere, and not with reference to the ground, it is obvious that the windier it is, the higher, in general, the minimum level at which he should fly.
Probably, however, the chief disturbance due to gusty wind—excessive tipping and consequent side slipping—occurs, not during straightaway flying, to which the above discussion applies, but as the aviator turns at low levels, from flying against the gusts, to flying with them. This is not owing to change in direction, since the velocity of an aeroplane with reference to the air, and therefore the sustaining force, is wholly independent of the velocity of either with reference to any third object, the surface of the earth, for instance. It may be, and presumably usuaUy is, caused as follows: The aviator starts turning, suppose, while in, and facing, a relatively slow-moving portion of air. On banking, the plane is tipped with its under side more or less against the wind, whereupon the higher wing often runs into, or for brief intervals is caught by, a much swifter current than that into which the lower wing dips. Numer-

